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Introduction
period of high and volatile inflation in the 80s, for the Great Moderation period as well as for the recent zero lower bound (ZLB) period.
Overall, we find evidence that disagreement regarding the future interest rate is dominated by disagreement on future inflation. By contrast, disagreement on unemployment is either insignificant or even shows a negative link with the disagreement on interest rates. This negative link only emerges in the analysis of consumers' disagreement and seems to be related to opposite movements of disagreement over the business cycle. In addition, we can document that central bank communication and news regarding the monetary policy stance significantly influence interest rate disagreement. Notably, we can explain at least 11% of the variation. Hence, the measured link is not only statistically significant, but also economically relevant.
There are several papers in the literature related to our approach. Dovern et al. (2012) , Andrade et al. (2014) and Dovern (2014) study disagreement of professional forecasters on several macroeconomic variables. Dovern et al. (2012) evaluate disagreement of professional forecasters from the G7 countries regarding future prices, nominal interest rates and real GDP growth separately and relate reduced disagreement on prices to a stronger anchoring of inflation expectations and more independent central banks. Andrade et al. (2014) evaluate the term structure of disagreement of professional forecasters for expectations on real GDP growth, CPI inflation and the Federal Funds rate from the Bluechip Survey. Since forecasts are given up to 6-11 years ahead, the implied term structure covers a relatively long horizon. The authors relate their results to different models of imperfect information and sticky information and show that the model simulations imply that professionals perceive a central bank reaction function with a strong degree of interest-rate smoothing and disagreement on the inflation target and the growth rate of potential output. In a similar vein, Dovern (2014) combines professionals' forecasts on several variables to derive a multivariate measure of disagreement and shows that the resulting patterns could be explained with theories of heterogeneous information and learning.
The papers by Sheng (2008, 2010) test factors explaining disagreement of professional forecasters and the term structure of disagreement in the context of a Bayesian learning model. They find that differences in initial prior beliefs explain disagreement especially at longer forecast horizons up to two years ahead, while differences in the interpretation of public information are particularly important for disagreement at short horizons. Using the term structure of fixed-target forecasts with decreasing forecast horizon, Patton and Timmermann (2010) posit that professional forecaster's disagreement is driven mainly by differences in priors or models, rather than differences in information sets. Additionally, disagreement is found to vary over time and is higher during recessions, in line with theories suggesting higher macroeconomic uncertainty in downturns. Lamla and Maag (2012) as well as Badarinza and Buchmann (2009) and Badarinza and Gross (2012) analyze the role of media news of both consumers' and professional forecasters' disagreement on inflation. Generally, news are found to reduce disagreement between consumers in line with hypotheses from rational inattention or Bayesian learning models, whereas professional forecasters seem more affected by macroeconomic developments.
2 Using Disagreement to Measure Consumers' Perception of the Taylor Rule
The basic Taylor rule relationship derived in Taylor (1993) and used extensively in macroeconomic models relates interest rates set by the central bank to deviations of inflation from a desired target value and the output gap or a related measure for economic activity (Clarida et al., 1999) . Using the unemployment rate, the Taylor rule can be described by:
where i t denotes the nominal interest rate, π t is inflation and u t gives the unemployment rate. From (1) we derive the resulting relationship of disagreement on nominal interest rates, inflation and the unemployment rate. Taking expectations of (1) and measuring disagreement by the variance σ 2 of expected variables within a cohort, we get:
If the Taylor rule relationship holds, disagreement on expected nominal interest rates should thus be positively related to both disagreement on expected inflation and the expected unemployment rate, as well as a measure of the covariance of inflation and unemployment expectations. We can thus use the relation in equation (2) to test if consumers' disagreement on macroeconomic variables moves in line with a Taylor rule relation. In that sense, equation (2) amounts to an implicit test of consumers' perception of the central bank's reaction function. The Taylor rule is often augmented with a lagged term in order to account for the observed inertia in nominal interest rates as central banks prefer a smooth transition to the target interest rate. Allowing for this inertia has the following implications for the estimation equation: The answers to the open news question are coded into categories by the Michigan Survey of Consumers. For our analysis, we calculate the shares of respondents within each cohort reporting that they observed news on "high/higher prices, inflation" (share_newsprices_high) and on "stable prices, less inflation, falling prices, deflation" (share_newsprices_low). Similarly, we calculate the shares reporting news on "tight money, interest rates high" (share_newstightmoney) or on "easier money, credit easy to get, low interest rates" (share_newseasymoney).
Regarding the data for professional forecasters in the SPF, we obtain quantitative expectations on one-year-ahead 3-months Treasury Bill rates, CPI inflation and the unemployment rate, available from 1981q4 onwards. The SPF also contains a panel component, since professional forecasters often stay within the survey for several periods.
Additionally, we control for effects of major changes in monetary policy communication on disagreement. To do so, we construct dummy variables for the announcement of changes in the Federal Funds Target rate in February 1994 (f f t94), the publication of the "balance of risks" statement in January 2000 (bof risk00), the publication of the votes after an FOMC meeting in March 2002 (votes02), the introduction of the Chairman's press conference after the release of projections in April 2011 (pressconf 11) and the announcement of the explicit inflation target of 2% in January 2012 (f edtarget12). All communication dummies take on the value of 1 at the month of the introduction of the measure and all subsequent months, so that the coefficients measure the additional effect of this particular communication measure to the ones introduced previously.
Measuring Disagreement
In the following analysis, we evaluate professional forecasters' and consumers' disagreement with respect to disagreement on nominal interest rates, inflation and unemployment in a Taylor rule relationship. Since the SPF contains quantitative expectations regarding interest rates, inflation and the unemployment rate, we employ a standard measure of disagreement and take the interquartile range of expectations within the quarterly cross-section of forecasters. Regarding consumers in the Michigan Survey, only inflation expectations are available as a quantitative measure. However, since the Michigan Survey records only full integer values, the IQR would not be an appropriate measure of disagreement, so that we use the standard deviation of expectations within the relevant cohort instead.
In order to measure disagreement of consumers with respect to qualitative expectations of nominal interest rates and the unemployment rate, we use two measures frequently applied in the literature, namely the index of qualitative variation (IQV) and the measure of ordinal variation (MOV). The index of qualitative variation (IQV), first introduced by Gibbs and Poston (1975) , is defined as:
where K = 3 is the number of answer categories in the qualitative questions, and s i,s,t is the fraction of responses in category i for cohort s and time t. A related measure is the measure of ordinal variation (MOV) by Blair and Lacy (2000) . Disagreement measured by MOV is given by M OV = 1 − l 2 , where l 2 is a measure of concentration defined as follows:
where F i,s,t denotes the cumulative answer share in category i for cohort s and time t. Both the IQV and the MOV criteria are restricted to lie in the range (0, 1), where a value of 0 implies that answers fall into a single category, and the maximum is reached when the answers are distributed evenly across the categories in the case of IQV, and when the answers are polarized in the outer categories in the case of MOV. Both the IQV and the MOV for short-run qualitative inflation expectations from consumers in the Michigan Survey are shown to be highly positively correlated with the corresponding cross-sectional standard deviation of quantitative inflation expectations in Mokinski et al. (2015) . In that sense, both measures should be viable. However, the study of inflation expectations from a pentachotomous survey in Maag (2009) shows that the IQV for qualitative inflation expectations fares best in matching the corresponding standard deviation and this measure is also used in Lamla and Maag (2012) to measure disagreement. Hence, we present results for the IQV in the regression analysis and report the results using the MOV as a robustness check in the Appendix. We check whether our qualitative disagreement measures relate well to the corresponding quantitative ones in the case of inflation expectations, where both qualitative and quantitative questions are available. This is analyzed in detail for consumers in the Michigan Survey in Mokinski et al. (2015) . However, our dataset differs slightly since we use a different truncation as well as sample period and calculate disagreement not within the full cross-section at each moment in time, but within the rotating panel cohort. Pairwise correlations between IQV, MOV, the standard deviation (SD) and the interquartile range (IQR) for both short-and long-run inflation expectations are shown in Table 1 . As expected, the two qualitative and the two quantitative measures are highly positively correlated, where the lower correlations between SD and IQR arise from the fact that IQR has only full integer values since the Michigan survey records only integer expectations.
Regarding the link between disagreement from qualitative and from quantitative questions, we find reasonably high positive correlations between the qualitative measures and the IQR, while the link is considerably weaker in the case of comparing the SD. This suggests that survey expectations extracted from qualitative and quantitative questions are not entirely substitutable, a result which is also confirmed in Dräger and Lamla (2012) . Nevertheless, we argue that the measures are close enough to employ the IQV of short-run qualitative inflation expectations together with the corresponding disagreement measures for nominal interest rate expectations and unemployment expectations.
2 Figure 1 depicts the IQV for the nominal interest rate and unemployment expectations, as well as the standard deviation of quantitative inflation expectations, where shaded areas denote NBER recessions. All disagreement measures vary cyclically over time, with a relatively large volatility especially for the disagreement measures of inflation and interest rate expectations. Notably, consumers' disagreement on inflation and interest rates tends to rise during recessions, while we observe the opposite movement in the disagreement on unemployment. Thus it seems that while consumers are unsure about future inflation and interest rates in recessionary periods, they seem to agree that unemployment will increase. Figure 2 shows the corresponding disagreement measures for professional forecasters in the SPF, measured by the interquartile ranges of quantitative expectations in the quarterly cross-sections. In contrast to the data for consumers, the figure suggests a strong positive comovement between all three disagreement measures. Looking at the cross-correlations between the disagreement measures for consumers and professional forecasters in Tables 2 and 3 , we observe a strong positive correlation between disagreement on interest rates and disagreement on inflation for both groups. By contrast, consumers' disagreement on interest rates is negatively correlated with their disagreement on unemployment, although with a very low correlation coefficient. This is not the case for professionals, where we observe a positive correlation of interest rate disagreement also with unemployment disagreement, albeit less strongly than for inflation disagreement. Looking at this negative relation between unemployment and interest rates in detail, we find evidence that especially during recessions forecast disagreement regarding unemployment goes down substantially. The measured disagreement IQV (u e ) is 0.87 in normal times and reduces to 0.82 in recessions, as defined by the NBER dating committee. Formulating a t-test, this difference is statistically significant (t-stat 7.23, dof 805).
Explaining Interest Rate Disagreement in a Taylor
Rule Setting
In this section, we analyse to which extent disagreement on interest rates can be explained in a Taylor-rule type way, i.e. as a combination of disagreement on inflation and disagreement on unemployment. We begin our analysis by looking at professional forecasters and continue with an in-depth analysis with respect to consumers. For professional forecasters we estimate the relation with standard OLS with robust standard errors. Since the dataset of consumers contains two observations per cohort, we investigate this relationship using a random effects panel estimator. Table 4 shows the results for professional forecasters with respect to the Taylor rule relationship derived in equation (2). In column (1) we observe a strong positive link between disagreement on inflation and disagreement regarding the interest rate. While the unemployment effect is positive, it is only significant at the 15 percent level. The covariance term included in column (2) shows statistical significance as well, with the expected positive sign. In column (3) we account for the potential inertia or persistence of interest rate disagreement, which could be motivated by interest rate smoothing. This persistence term is statistically highly relevant. Again, inflation disagreement has a significant effect, while disagreement regarding unemployment does not. To conclude, we can show that professional forecasters' disagreement regarding interest rates is dominated by their disagreement on future inflation, while disagreement on unemployment exerts no statistical influence. This is quite surprising as one could have imagined that professionals are well aware of how the FED sets the interest rate and that the uncertainty regarding both, inflation and unemployment, should play a significant role. Next, Table 5 contains our main results for the consumers testing for the Taylor rule relation derived in equation (2). In column (1) we include the measures of disagreement on inflation and the unemployment rate. Interestingly, disagreement regarding inflation one year ahead has a statistically significant positive effect on disagreement regarding interest rates, while the effect of disagreement on unemployment shows a negative sign. Given that both unemployment as well as inflation should have a positive impact on interest rate disagreement according to a Taylor rule, this result is quite surprising. Notably, while the result regarding inflation remains robust throughout all specifications, unemployment disagreement looses statistical significance in several models. This could be indicative of a perception by consumers that the Fed places stronger weight on the inflation targeting objective of monetary policy. Furthermore, we observe that consumers disagree less on unemployment in recessions, while they disagree more on inflation. Our results could thus also be related to different movements in disagreement over the business cycle.
In column (2) we add the covariance between inflation and unemployment expectations, which is statistically significant with a positive effect on interest rate disagreement as expected. Furthermore, unemployment becomes statistically insignificant. In column (3) we control for the disagreement regarding quantitative long-run inflation expectations. Disagreement on long-run inflation also has a statistically significant positive effect on interest rate disagreement, albeit with a smaller coefficient than short-run inflation disagreement. As monetary policy is expected to be forward-looking and show strong inertia, uncertainty regarding longer-term inflation expectations should feed into one-year-ahead expectations of interest rates. In terms of explanatory power, however, it does not add much to the regression. Furthermore, since it does not significantly change the coefficient estimate of one-year-ahead inflation disagreement, we discard long-run expectations in the upcoming model specifications.
In Table 6 , we control for additional variables that might influence disagreement on interest rates, such as monetary news observed by the cohort and monetary policy com- Note: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 munication changes. Our main results regarding the Taylor rule decomposition of disagreement remain unchanged. Furthermore, we can confirm that the important milestones in central bank communication, except for the balance of risk assessment, significantly reduced consumers' disagreement of interest rate expectations. This is an interesting result as it emphasizes the effectiveness of the improvements in transparent policy communication also on consumers' disagreement. In addition, we can show that perceived news matter for the level of disagreement. News on money and credit conditions in the economy affect disagreement significantly and are also economically important. Notably, news heard about tight money and credit conditions generally reduce interest rate disagreement, while news on easy credit conditions have the reverse effect. Regarding news on prices, we mainly find that negative news on high prices or inflation reduce the disagreement regarding interest rates.
Additionally, we check for time-variation in the disagreement relationship, differentiating between the Disinflation period between 1978-1995, the Great Moderation between 1996-2007 and the Financial Crisis period from 2008 onwards. Most results remain robust between the Disinflation and the Great Moderation period. Inflation disagreement is statistically relevant for interest rate disagreement only until the recent crisis. By contrast, we observe that the negative effect of unemployment disagreement is mainly driven by the recent financial crisis. Recalling that we use the disagreement of a categorical variable, this result could suggest that now more people agree that unemployment will be rising. Additionally, in the ZLB period of the recent financial crisis news effects become insignificant or weaker. Interestingly, the effect of news perceived on high prices changes its sign, where we now find a positive effect on interest rate disagreement. This might be indicative of the fact that as inflation was no issue during the recent years, monetary policy focused more on stabilizing the financial sector and the real economy, thereby deviating from a classical Taylor-rule-type policy.
Next, we break up the panel dimension to account for the potential persistence in disagreement motivated by the widely observed interest rate inertia in the Taylor rule. We thus calculate disagreement within a cohort separately for the first and the second interview. This allows us to test for the inertia in disagreement by explaining disagreement regarding interest rates at the second interview by the disagreement in the first interview (the inertia term) and disagreement regarding inflation and unemployment taken from the second interview as shown theoretically in (4). Given the strong support for inertia using the SPF data, this approach seems sensible. Results are presented in Table 7 . In columns (1) and (2) we now show the results for the first and second interview separately. While the results are similar in sign and statistical significance for disagreement on inflation, we find little statistical support regarding the disagreement on unemployment. Column (3) contains the specification of interest including the interest rate inertia term. Notably, we have to add two additional covariance terms for the covariance between lagged interest rate expectations and inflation as well as unemployment expectations. The results show that disagreement on interest rates indeed shows a degree of persistence as the disagreement in the first interview explains disagreement in the second interview. Given the strong persistence of interest rates in level estimations of the Taylor rule, this is as expected. Again, we see that disagreement on inflation expectations has a significantly positive effect on interest rate disagreement, while disagreement on unemployment has a marginally significant negative effect. Differentiating again between the different time periods, the results mirror the findings of Table 4 .
As a final robustness check, we also estimate the relationship taking the differences between first and second interviews within the cohort. Results are shown in Table 7 . Explaining changes in disagreement on interest rates between interviews for a specific cohort with changing disagreement regarding inflation and unemployment does not alter our conclusions, although significance levels are reduced. Disagreement on inflation influences interest rate disagreement significantly in the earlier sample period. Disagreement on unemployment has a negative effect mainly driven by the recent crisis. Regarding the additional control variables, we find again supportive evidence for the importance of news and central bank transparency with similar patterns between time periods. 
Conclusion
In this paper we investigate whether disagreement on interest rates is driven by disagreement on inflation and unemployment. Motivated by the Taylor rule people might take into account the dual mandate of monetary policy in stabilizing inflation and unemployment when forecasting future policy rates. Using detailed microdata on consumer expectations as well as professional forecasters we provide evidence that disagreement regarding the future interest rate is mainly driven by disagreement regarding future inflation. It might thus reflect the focus of the FED on price stability as perceived by both consumers and professional forecasters. Disagreement on unemployment has no statistical effect on disagreement on interest rates for professionals. For consumers it is insignificant in several specifications but exerts a negative effect during the financial crisis. These results provide little evidence for Taylor-rule type disagreement. Especially, the negative link for consumers during the recent crisis warrants further research. In addition, we can report that changes in central bank transparency and perceived news on money and credit conditions are very relevant for interest rate disagreement. Improvements in transparency helped reduce disagreement on interest rates. Especially the announcement of the federal funds target in 1994 as well as the introduction of the Fed inflation target in 2012 significantly lowered disagreement on future interest rates. 
